METHODS
Provincial birth registration data were used to examine LBW, preterm birth and SGA rates. Data were obtained for the five-year period of 2002 through 2006, which were the most recent years of data for which maternal region of birth was available. Infants born to mothers who reside in Peel were compared to all infants in the province. Preterm birth is defined as a gestational age less than 37 completed weeks. Singleton infants were defined as SGA if they had a birth weight below the sex-specific 10 th percentile according to the Canadian standard developed by Kramer and colleagues in 2001 (valid for gestational ages between 22 and 43 weeks only). 8 Multiple births were excluded from the SGA analysis.
Provincial birth registration records do not capture information regarding the ethnic origin of an infant. Therefore, the self-reported A Population-level Analysis of Birth Weight Indices in Peel Region, Ontario: The Impact of Ethnic Diversity country of birth of the mother was used as a proxy measure for her ethnic origin. The country of birth was categorized into geographical regions based on categories utilized by Statistics Canada. 9 The categories examined in this study were: Canada, South Asia, East Asia (includes both Eastern and Southeast Asian countries), Caribbean, African (excludes Northern Africa), other countries and unknown. Data regarding the mother's country of birth was missing for 0.1% of records, and therefore these records were excluded from the analysis. Mothers born in Canada were defined as "nonimmigrants", whereas mothers born outside of Canada were defined as "immigrants". Although data are available regarding the country of birth for both parents, the maternal region of birth was selected for analysis as the data regarding the maternal and paternal country of birth were found to be highly correlated (80.5% agreement, kappa = 0.67).
LBW, preterm birth and SGA rates for infants in Peel and all of Ontario were calculated and compared using SPSS Version 19.0 (IBM Company Inc, USA) and EpiInfo 6.04d (Centers for Disease Control and Prevention, Atlanta, GA). All p-values were two-sided, and significance was set at a value of 0.05.
To examine whether the differences in rates observed were the result of a shift in the underlying birth weight distribution of infants of immigrant mothers, birth weight for gestational age curves which were specific for infant sex and maternal region of birth were developed. These curves were developed for all singleton births in Peel from 2002 to 2006 using lmsChartMaker Light (Medical Research Council, UK). Weight percentile curves were derived using the lambda-mu-sigma (LMS) method. 10 The L (skewness), M (median) and S (dispersion) parameters were estimated, smoothed using the penalized likelihood method, and fitted as cubic splines by nonlinear regression. The penalized likelihood, with the roughness penalties incorporated with the likelihood, makes the smoothing of the three curves become an integral part of the likelihood maximization. Maximizing the penalized likelihood strikes a balance between fidelity to the data and smoothness of the L, M and S curves. Data for 50 th percentile (median) among male and female infants are presented here. Data corresponding to other percentile values can be obtained from the authors, upon request. Using the smoothed curve data, we conducted quantile regression to examine whether the percentiles of birth weight among term infants (gestational age between 37 and 42 weeks) differed by the region of birth of the mother. Quantile regression models the relation between a set of predictor variables and specific percentiles (or quantiles) of the response variable. It specifies changes in the quantiles of the response. For example, a median regression of infant birth weight on mothers' characteristics (e.g., region of birth) specifies the changes in the median birth weight as a function of the predictors. Table 1 shows the maternal and infant characteristics of the live births in Peel (N=74,836) and Ontario (N=659,802) for the time period 2002 through 2006. Live births in Peel accounted for slightly more than 10% of all live births in the province in each year. The average age of mothers was similar between Peel (30.2 years) and Ontario (29.9 years). In Peel, 38% of mothers were born in Canada (non-immigrants), in comparison to 64% of all Ontario mothers who were born in Canada. Among mothers in Peel, 26% were born in South Asia (42% of all mothers born outside of Canada).
RESULTS
The LBW rate in Peel was significantly higher than that in Ontario (6.8% vs. 6.0%, p<0.001). There was no difference in the preterm birth rate comparing Peel to Ontario, whereas the SGA rate in Peel was significantly higher than that in Ontario (10.8% vs. 8.7%, p<0.001) ( Table 1) .
South Asian, Caribbean and African mothers had significantly higher rates of LBW than Canadian-born mothers (Table 2) . Caribbean mothers had the highest rate of preterm births (10.7%). South Asian and East Asian mothers had significantly lower preterm birth rates compared to Canadian-born mothers. Immigrant mothers had higher SGA rates than non-immigrant mothers, regardless of where they were born, with South Asian mothers having the highest rate. Table 3 includes the birth weight values associated with the 50 th percentile (median) for male and female Peel infants at each gestational age (between 31 to 42 weeks) for each maternal region of birth. Infants born to immigrant mothers had lower median birth weights than those born to non-immigrant mothers across most gestational ages. At the earliest gestational ages (before 34 weeks), this pattern is not consistent among infants of East Asian-born and Caribbean-born mothers. However, this may be due to the small number of infants in these categories leading to variability in the median values or to fetal fat accumulation during the last weeks of pregnancy.
Infants of all immigrant mothers born at term have lower median birth weight compared to infants of non-immigrant mothers (Table 4 ). The largest difference in birth weight at term was observed between infants born to South Asian-born and those born to Canadian-born mothers. For example, infants of South Asianborn mothers had a significantly lower median birth weight at term compared to infants of Canadian-born mothers (220-gram difference among male infants and 189-gram difference among female infants). 
DISCUSSION
Our findings use population data to show that the elevated rate of LBW in Peel is a result of higher rates of SGA and not due to differences in rates of preterm birth. Moreover, infants born to immigrant mothers have lower birth weight at all gestations and consequently higher SGA rates than infants born to non-immigrant mothers. The median birth weight for infants of immigrant mothers was lower than that for infants of non-immigrant mothers, showing that the underlying birth weight distribution for infants of immigrant mothers is shifted towards lower values compared to that for infants of Canadian-born mothers. The high proportion of immigrants of childbearing age in Peel and the shifted birth weight distribution results in the elevated LBW rate observed for Peel.
Compared to the province of Ontario, Peel's population has a high proportion of immigrants, which is reflected among the cohort of infants born each year. The majority of births in Peel occur to immigrant mothers, with a large proportion occurring among immigrant mothers from South Asia, East Asia and the Caribbean. As evidenced here, for geographic areas with a high proportion of immigrants, the difference in birth weight distribution will have an important impact on common reproductive health measures such as LBW and SGA rates.
Given that newborns of immigrant mothers have a lighter birth weight distribution across all gestational ages, using the Canadian fetal growth standard developed by Kramer and colleagues (2001) to assess the appropriateness of the birth weight of an infant born to an immigrant mother will potentially result in misclassification. Ray and colleagues reported that 111 per 1,000 male and 88 per 1,000 female newborns of South Asian origin may be misclassified as SGA using the Canadian standard compared to the ethnic- specific standard derived based on hospital data. 5 Misclassifying infants of immigrant mothers as small-for-gestational-age when they may have an appropriate birth weight for their gestational age and ethnicity may lead to unnecessary additional health care costs and parental stress. Ethnic-specific fetal growth standards developed using population birth data from British Columbia were shown to be more congruent with observed perinatal mortality than the single growth standard (i.e., not ethnic-specific), leading the authors to conclude that the differences in birth weight by ethnic group represent a physiologic rather than a pathologic process. 2 At term, infants of immigrant mothers had lower median birth weight values compared to infants of non-immigrant mothers. At a population level, these observed differences are significant and it follows that a higher proportion of infants born to immigrant mothers would be expected to fall below 2500 grams and, therefore, meet the criteria for LBW, as seen in Peel.
This paper does not provide guidance regarding the clinical assessment of individual infants, but rather provides a description of trends in birth weight indices at the population level in Peel. Clinical decisions and follow-up regarding LBW infants must be determined by health care providers based on factors relevant to each individual infant.
There are limitations to the analysis presented in this paper that may have an impact on the applicability of the results. It was not possible to analyze ethnic origin of the infant's mother and therefore the country of birth of the mother was used as a proxy. The regions included for analysis are geographically large and diverse and therefore will include mothers with a range of cultural and ethnic backgrounds (including the Canadian-born mothers). Due to the limited number of variables available within the provincial birth registration dataset, we were unable to adjust for known risk factors for fetal growth restriction or preterm birth (e.g., smoking during pregnancy, diabetes and hypertension, the length of time since arrival in Canada, mental health issues, inadequate prenatal care) which may have an important impact on perinatal outcomes. 6, 7, 12 Census data show that Peel has a young, highly educated population with a median income similar to the rest of the province of Ontario. Five percent of Peel mothers in 2008 reported smoking during pregnancy. The prevalence of diabetes and hypertension among Ontario mothers was 6% and 5% in 2006/2007, respectively. 13 It is difficult to know how much of an effect these unmeasured confounders might have on our findings because recent immigrants tend to have fewer risk factors than non-immigrants or long-term immigrants.
Last, there are a number of widely recognized data quality issues with the Ontario birth registration data, including under-registration of births, missing birth registration data for infants who have died, and inaccurate gestational age recorded for births between 1991 and 1998. 8, [14] [15] [16] [17] Birth registration data are collected both from parents/guardians and the health care provider present at the birth.
Parent-reported data are subject to recall bias and may not align with data reported by the health care provider. For the time period examined in this paper, information about the infant was obtained from the data provided by the health care provider (e.g., gestational age). The mother's country of birth is collected from the parentreport data and cannot be verified. In addition, examination of the 2006 data revealed that the birth weight values unnaturally cluster at values that correspond to a converted number of even pounds and ounces. Although this conversion leads to imprecision of birth weight, there is no reason to believe that the direction of the error would lead to significant bias.
The observed difference in LBW rates between Peel and Ontario can be explained by the higher proportion of infants born to immigrant mothers in Peel. Rates of preterm birth were similar between Peel and Ontario, whereas the SGA rate was significantly higher in Peel and highest among infants born to immigrant mothers. This higher SGA rate reflects the shift towards lower birth weights across gestation among infants of immigrant mothers. Further analysis may be able to determine whether the lower birth weight among infants of immigrant mothers leads to higher rates of mortality or morbidity compared to infants of non-immigrant mothers.
RÉSUMÉ
Objectifs : Déterminer si le taux élevé d'insuffisance de poids à la naissance (IPN) dans la région de Peel, en Ontario, peut être attribué à la forte proportion d'immigrants dans la population. En outre, nous avons voulu déterminer en quoi la distribution du poids de naissance des nourrissons à Peel diffère selon la région de naissance de la mère.
Méthode : Les données provinciales d'enregistrement des naissances vivantes ont servi à comparer les taux d'IPN, de naissance avant terme et de naissance de nourrissons petits pour l'âge de gestation (PAG) à Peel et dans l'ensemble de l'Ontario pour les années 2002 à 2006 selon la région de naissance de la mère. Des courbes de poids de naissance selon l'âge gestationnel ont été dessinées pour les accouchements simples, et précisées selon le sexe du nourrisson et la région de naissance de la mère grâce à la méthode Lambda-Mu-Sigma (LMS). Au moyen d'une régression par quantile, nous avons déterminé si le poids de naissance moyen à terme (37 à 42 semaines) différait selon la région de naissance de la mère.
Résultats : Le taux d'IPN de Peel était supérieur à celui de l'Ontario (6,8 % et 6,0 %, respectivement). Cela s'explique par le taux plus élevé de PAG et non par des écarts dans les taux de naissance avant terme. Les nourrissons de mères immigrantes avaient un poids de naissance moyen significativement plus faible à tous les âges de gestation, ce qui montre que la distribution des poids de naissance des nourrissons de mères immigrantes tend vers un poids de naissance inférieur.
Conclusion : À l'échelle de la population, la distribution déplacée des poids de naissance chez les nourrissons de mères immigrantes (accouchements simples seulement) a un impact significatif sur le taux d'IPN observé à Peel.
Mots clés : poids de naissance; groupes ethniques; nourrisson, nouveauné; nourrisson petit pour âge gestation; nourrisson à faible poids naissance
